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Description 
BACKGROUND 
5 1 . Field of Invention 

[0001] This invention pertains to a point to multipoint radio access system. The invention particularly pertains to the 
configuration of such system which utilizes a number of different modulation methods, the modulation methods being 
distinguishable with regard to the bandwidth efficiency but also with regard to the coverage range and the interference 
10 immunity. 

2. Related Art and Other Considerations 

[0002] Radio access methods have become frequently used to enable the rapid and economic implementation of 
15 the access network in modern telecommunication networks. Most known solutions up to date are based on conventional 
mobile cellular techniques, where the subscribers are fixed instead of mobile. One disadvantage of using cellular tech- 
niques for the access network is that the radio spectrum is limited and the implication of this is that these systems 
normally have a too limited capacity, especially in cities. 

[0003] Recently a new point to multi point system has been suggested that uses microwave links between a central 
20 base station and subscriber terminals. The central base station uses normally 45 or 90 degree sector antennas and 
the terminals directive antennas pointing towards the base station. 

[0004] In the suggested system, frequency reuse can be very effective by the use of alternating vertical and horizontal 
polarizations for the links in adjacent sectors. 

[0005] Also, the line of sight radio links lends themselves to high quality connections, the capacity of which can be 

25 adapted individually to different capacities (bitrates). 

[0006] To further improve on the frequency economy of this system, it has been suggested to use a number of 
different modulation types forthe links. The highest order of modulation requires minimum bandwidth for a given bitrate 
but has also the minimum range and is most sensitive for interferences from other links. The lowest order of modulation 
is the most robust. It has the longest coverage range and is also the least sensitive to interferences from other links. 

30 [0007] The problem in this kind of system is then to select for each link the most suitable modulation, considering 
bandwidth economy, coverage range and the foreseen interference situation. 

[0008] A system of this kind is described in a paper entitled Link Capacity and Cellular Planning Aspects of a Point 
to Point Fixed Radio Access System, by A Bollmann, D. Chicon, and M Glauner, European conference on Radio Relay 
Systems 1 996, Bologna, Italy. However heretofore there has not been a clear cut procedure for arriving to a suitable 

35 strategy to allocate suitable modulation types and bandwidth to each terminal in the system. 

[0009] In an article by Sunil K. Vadgama titled "Adaptive Bit Rate Transmission for Personal Communications", Proc. 
of the Nordic seminar on digital land mobile radio communications (DMR), Oslo, June 26 -28, 1990, the idea of trading 
off transmission bit rate for either lower transmission power or extra communication range is discussed. It is noted that 
in multilevel modulation the bit rate is varied by changing the order of modulation, i.e. the number of bits per modulation 

40 symbol, whereby the nominal bandwidth remains constant, making frequency planning simpler. Three system imple- 
mentations are suggested for a personal communication system: a) using a fixed modulation in a given type of cell, b) 
creating a number of concentric zones using respective modulation orders, and c) varying the modulation order dy- 
namically across each cell. However, it is noted that the latter implementation would require rather complex signaling, 
call setup protocols and frame formats. This document forms the preamble of claim 1 . 

45 [0010] What is needed, therefore, is a system, which enables a proper choice of a modulation type considering 
bandwidth efficiency, coverage range and the interference situation. 

SUMMARY 

50 [0011] A method is provided for allocating radio link characteristics in a point to multipoint radio access system. The 
point to multipoint radio access system comprising a number of base stations including a selected base station con- 
nected by a plurality of radio links to a corresponding plurality of subscriber terminals located within respective coverage 
areas of the selected base station. At least some of the plurality of radio links are within a same frequency band. 
[0012] In accordance with the method, a base station power density is selected for the selected base station. The 

55 base station power density, for each of a plurality of modulation types, is constant for all bitrates. Similarly, for each of 
the plurality of subscriber terminals located within the coverage area of the selected base station, a terminal power 
density is selected. The terminal power density, for each of the plurality of modulation types, is constant for all bitrates. 
A maximum range is then determined for each of the plurality of modulation types. Then, for each of the plurality of 
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subscriber terminals, a modulation type is allocated to the corresponding radio link dependent upon range from the 
selected base station. A determination is then made, for each of the plurality of subscriber terminals, whether at the 
subscriber terminal there is an acceptable signal quality. If not, a next lower modulation type is allocated to the radio 
link corresponding to the subscriber terminal which does not have the acceptable signal quality. 
5 [0013] After the foregoing has occurred with respect to the subscriber terminals, a determination is made at the 
selected base station whether there is an acceptable signal quality with respect to each of the plurality of subscriber 
terminals. If not, the radio link corresponding to the subscriber terminal having unacceptable signal quality is allocated 
a next lower modulation type. Thereafter, frequencies and bandwidth are allocated to each of the plurality of radio links. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing and other objects, features, and advantages of the invention will be apparent from the following 
more particular description of preferred embodiments as illustrated in the accompanying drawings in which reference 
characters refer to the same parts throughout the various views. The drawings are not necessarily to scale, emphasis 
15 instead being placed upon illustrating the principles of the invention. 

Fig. 1 is schematic view of a microwave coverage network according to an embodiment of the invention. 

Fig. 1 A is an enlarged schematic view of a portion of a coverage area served by a base station site of the network 
20 of Fig. 1. 

Fig. 2 is a schematic view of a base station according to an embodiment of the invention. 

Fig. 3 is a schematic view of a base station network according to an embodiment of the invention. 

25 

Fig. 4 is a schematic view depicting the relationship of Fig. 4A and Fig. 4B. 

Fig. 4A and Fig. 4B are flowcharts showing steps executed by a network planning processor according to an 
embodiment of the invention. 

30 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0015] In the following description, for purposes of explanation and not limitation, specific details are set forth such 
as particular architectures, interfaces, techniques, etc. in order to provide a thorough understanding of the present 

35 invention. However, it will be apparent to those skilled in the art that the present invention may be practiced in other 
embodiments that depart from these specific details. In other instances, detailed descriptions of well known devices, 
circuits, and methods are omitted so as not to obscure the description of the present invention with unnecessary detail. 
[0016] Fig. 1 shows a microwave coverage network 20. Network 20 includes a regular pattern of base station sites 
and the corresponding cell or coverage area for each base station site. In Fig. 1 , the cell or coverage area for each 

40 base station site is shown as a square, with a base station site being located at the center of the square (i.e., the center 
of the cell). For example, base station site B1 is centrally located in its cell C1 and base station site B2 is centrally 
located in its cell C2. 

[0017] In the illustrated embodiment, each cell C comprises four triangular sectors. For example, cell C1 comprises 
sectors S1 C1 , S2 C1 , S3 c1 , and S4 C1 and cell C2 comprises sectors S1 C2 , S2 C2 , S3 C2 , and S4 C2 . 
45 [0018] Fig. 1A shows an enlargement of the center of cell C1 served by base station site B1 . As seen in Fig. 1 A, 
each base station site, such as base station site B1 , includes four base stations (base stations B1 -1 , B1 -2, B1 -3, and 
B1-4 being shown as included in base station site B1 in Fig. 1 A). 

[0019] As shown both in Fig. 1 and Fig. 1 A, alternating sectors S of a cell C have differing polarizations. That is, 
directly adjacent sectors receive transmissions in orthogonal polarizations to obtain decoupling in the overlap regions 

50 of the antenna patterns. For example, in cell C1 sectors S1 C1 and S3 C1 have horizontal polarization (as indicated by 
the letter "H") while sectors S2 C1 and S4 C1 have vertical polarization (as indicated by the letter "V"). 
[0020] In Fig. 1 , two terminals T1 and T2 are shown. Terminal T1 is located in sector S4 C1 which is served by base 
station B1-4; T2 is located in sector S4 C2 which is served by base station B2-4. Terminals T1 and T2 are thus served 
by base stations which use the same polarizations. 

55 [0021] In the particular configuration shown in Fig. 1, base stations B1, B2 have approximately 90 degree wide 
antennas. Terminals T1 and T2, on the other hand, have much smaller antenna beamwidths, typically 4-8 degrees. 
Although only two terminals T1 and T2 are illustrated in Fig. 1 , it should be understood that many terminals typically 
reside in each sector S. Terminals are located at premises of customers, with each terminal being connected by lines 
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(e.g., POTS or ISDN lines) to many telephone subscribers. Each terminal is dedicated and adjusted to one base station 
(e.g., terminal T1 is dedicated to base station B1 -4). 

[0022] Although there are several terminals within each sector, for a given sector each terminal T is allocated its 
individual frequency from a range of frequencies available in that sector. It can occur that the same frequency is being 
5 utilized both in sector S4 C1 and S4 C2 . Thus, if terminals T1 and T2 were assigned the same frequency, a potential 
interference problem would arise. In this regard, a signal transmitted on a frequency f1 to terminal T1 from base station 
B1 -4 at site B1 would, due to the wide antenna angle of base station B1 -4, also hit the terminal T2 as indicated by line 
30. If terminal T2 is also using frequency f1 , interference would result. Thus, base station B1 -4 could cause interference 
at terminal T2. 

10 [0023] Likewise, terminal T2 could cause interference in base station B1 -4. In this regard, terminal T2 has a narrow 
antenna beam which is directed towards its own base station B2-4. Normally the signal directed from terminal T2 to 
base station B2 -4 would not hit the base station B1 . However, if terminal T2 is more or less in line with both base station 
B2-4 as well as with base station B1-4 in the manner shown in Fig. 1 , interference may arise. In this situation, the 
antenna of terminal T2 cannot discriminate between base station B2-4 and base station B1 -4, and interference results. 

15 [0024] It should be understood the use of four sectors S per cell as illustrated in Fig. 1 is merely to serve as an 
example. Whereas Fig. 1 illustrates each cell C sector at ninety degrees in view of the particular antennae employed, 
the cells can be sectored at other angles (e.g., forty five degree or fifteen degree angles) in accordance with the angles 
of the antennae chosen for the base stations. 

[0025] The person skilled in the art will appreciate that the wide angle sectored base station antennae have a lower 
20 gain than the highly directive terminal antennae (which have a smaller beam). For example, an antenna at a terminal 
T may have an eight degree main beam with high antenna gain (e.g., 22 dB at 10 Ghz). 

[0026] Fig. 2 shows a block diagram of a base station 40 (base station 40 being representative, for example, of base 
stations B1-4 and B2-4 discussed above). Base station 40 includes in its transmitter part a plurality of transmission 
channels 41 , onesuch channel 41 Abeingfullyshown in Fig. 2. Each channel 41 has a modulator42 and an upconverter 

25 44 to convert the signals to RF-frequency. All transmission channels 41 are connected to power amplifier 46 as indicated 
by lines 47. Base station 40 also has a receiver part or receiver side having receiver channels 51 , only channel 51 A 
being fully illustrated in Fig. 2. All receiver channels 51 share a common RF-amplifier 52. Amplifier 52 is connected by 
lines 53 to each receiver channel 51 . Each receiver channel 51 includes a down converter 54 and a demodulator 56. 
Duplexer 60 of base station 40 combines the transmitter and the receiver to a common antenna 62. The modulator 42 

30 and demodulator 56 of each channel (commonly known as a modem) are controlled by a control unit 70. Control unit 
70 connects to all transmission and receive channels. Control unit 70 sets the basic link parameters for the modem, i. 
e. modulation type, transmit power density, and bitrate. In a DBA (Dynamic Bandwidth Allocation) mode, control unit 
70 also makes bandwidth allocations to the individual terminals on a momentary basis. 

[0027] Fig. 3 shows an overview of a base station network 1 00. A number of base stations 40 0 , 40^ 40 2 , etc. are 
35 connected to a Network Management System (NMS) 1 02. In particular, control units 70 of the plurality of base stations 
40 are connected to Network Management System (NMS) 102. 

[0028] Network Management System (NMS) 102 is, in turn, connected to a network planning processor (NPP) 110. 
Network planning processor (NPP) 110 can take various forms, such as a stand alone personal computer (PC). Op- 
erations and calculations performed by N PP 1 1 0 are described in more detail below. Results and outputs from Network 

40 planning processor 110 are transmitted to Network management system 102. The output operations from Network 
planning processor 110 to Network management system 102 can take the form of a simple file transfer. Inputs to 
Network management system 1 02 include the allowed modulation types for each terminal T. Thus, when control unit 
70 of a base station 40 allocates a channel to aparticularterminalT, control unit 70 knows beforehand which modulation 
types are allowed due to the interference situation. 

45 [0029] The inputs to Network planning processor 1 1 0 include the locations of the base stations B and the terminals 
T; the particular antenna patterns employed; basic link parameters such as power densities available; and modulation 
sensitivities such as C/N and C/l requirements. In addition, in an FBA (Fixed Bandwidth Allocation) mode, the inputs 
include the capacities (bitrates) needed per terminal. 

[0030] As the notion of modes has been broached above, it should be mentioned that the invention can operate in 
50 either of two modes of operation. In the FBA (Fixed Bandwidth Allocation) mode, each specific terminal is allocated a 
specific capacity (bitrate), modulation type, bandwidth and frequency once and for all. In the Dynamic Bandwidth Al- 
location (DBA) mode, each terminal is allocated a capacity, modulation type and bandwidth by controller 70 according 
to the actual need at every moment. In the DBA mode any terminal can change allocated frequency with time as the 
system tries to move the users to make optimum usage of the total bandwidth. 
55 [0031] Mention is also often made herein to "modulation types". Five different examples of modulation types and 
corresponding characteristics are shown in Table I. 
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TABLE I 



10 



Example Modulation Types and Corresponding Characteristics 


Modulation Type 


C/N 


C/l 


Efficiency 


Relative range 


QPSK 1/2 


6.5 


9.5 


0.85 


1 


QPSK 3/4 


9 


12 


1.30 


0.75 


QPSK 7/8 


11 


14 


1.50 


0.60 


8 TCM 2/3 


11.5 


14.5 


1.70 


0.55 


16TCM 3/4 


18 


21 


2.50 


0.26 



In Table I, the C/l ratio are the values for 3 dB degradation of the noise threshold. This difference is necessary in C/N 
and C/l is 11 .5 dB for the two extremes. The bandwidth requirements are differing by a factor of 3 and the range by a 
15 factor of almost 4 between the most robust and the most bandwidth efficient modulation. 

[0032] Fig. 4A and Fig. 4B show selected general operations or steps performed by Network planning processor 1 1 0 
in accordance with the present invention. Prior to performance of the steps shown in Fig. 4A and Fig. 4B, it is assumed 
four preliminary steps have occurred. 

[0033] As a first preliminary, the sites and the needed capacities in number of 64 kb/s lines per site are defined. As 
20 a second preliminary, the base station sites B are found by overall considerations of capacity and coverage. For se- 
lection of appropriate sites, use is made of line of sight (LOS) coverage diagrams in Network planning processor 110. 
The base station sites are sectorized and the different sectors are allocated different polarizations. As a third preliminary 
terminal sites are allocated to the different base stations. As a fourth preliminary, rain zone and the requirements on 
unavailable time (UAT) and link quality are defined. Typical other link quality requirements are defined in ITU-T:s Rec 
2 5 G 821 . For radio link calculations different rain zones are used, as also defined by ITU. 

[0034] Assuming that the foregoing preliminaries have been performed, Network planning processor 1 1 0 executes 
the general steps shown in Fig. 4A and Fig. 4B. Execution begins with selection of a power strategy, as depicted by 
steps 400 and 402. 

[0035] At step 400 a base station's transmit power density (i.e. power transmitted per Hz bandwidth) is selected to 

30 be constant for all bitrates and modulation types. This implies that all bitrates transmitted with one specific modulation 
type have the same range. However a more bandwidth effective modulation type will have a shorter range since it will 
be less robust [require a higher signal to noise ratio C/N or signal to noise and interference ratio C/(N+I)]. 
[0036] At step 402 the transmit power density of a terminal is selected to be constant for all bitrates and for all 
modulation types measured at the range limit of the respective modulation type. With decreasing distance from the 

35 terminal to its base station, the power density is decreased so that the power density received at the base is constant 
for all distances. The power density transmitted from the terminals and also received at the base will differ for the 
various modulation types with the difference in the C/(N+I) required for the respective modulation types. 
[0037] In considering the power selection steps 400 and 402, a typical power density for a base station could be e. 
g., -60 dBm/Hz bandwidth for all modulation types. For a terminal, power density will vary depending on its distance 

40 to the base station, e.g., for a QPSK 14 modulated link the power density could be -70 dBm/Hz at the range limit and 
would then decrease with distance to result in a constant received power density at the base (the power density would 
typically decrease with 6 dB for half the distance). For a 16 TCM 3/4 link, the power density would be 11 .5 dB higher 
corresponding to the difference in C/l requirements for a 16 TCM terminal at the same range as a terminal using 
QPSK 1 / 2 This implies that the power density received at the base station would be 11.5 dB higher for the 16 TCM 

45 terminal. 

[0038] At step 404, a maximum range is calculated for each of the various modulation types. At this calculation a 3 
dB degradation of the noise threshold is allowed for interference from other links (this means in the C/(N+1 ) ratio that 
l=N). The coverage calculations of step 404 are straight forward calculations in microwave link technology which are 
understood by the person skilled in the art, and accordingly are not described here in further detail. Typical coverage 

50 ranges vary with frequency band. In 1 0.5 GHz, which is a typical band allocated by ITU for point to multipoint services, 
distances are around 1 0 km for modulation type QPSK 14 and shorter for the more sensitive modulation types, e.g.. 
2-3 km for 1 6 TCM 3/4. In higher frequency bands, e.g. 18 and 26 GHz, ranges are shorter due to the attenuation effect 
of rain (which is higher with higher frequency). A special case could be that the cell radius is selected so small that all 
modulation types have enough range. 

55 [0039] At step 406 the minimum bandwidth modulation type is allocated to each terminal in dependence on its range 
from the base station. Thus, depending on the range of the terminal sites, the different links are allocated a modulation 
scheme which complies with the maximum range for that modulation and which uses minimum bandwidth. 
[0040] At step 408, for each terminal a calculation is performed of the C/l ratio, where C represents the desired signal 
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from the own base station sector and I the interference from each other base station sector. The interference from all 
other (sector) base stations is calculated taking the polarizations, antenna patterns (these have diagrams for both 
copolar and cross polarizations) and assigned power density into account. These interferences are added togetherto 
obtain the "I" of the C/l ratio. 

5 [0041] At step 41 0, for each terminal the calculated C/l is checked to determine if it is greater than the minimum 
required C/l. Here the C/l values that represent a 3 dB degradation of the noise threshold should be used to comply 
with the coverage calculation of step 404. If the required C/l is not satisfied when checked at step 41 0. for any terminal 
failing the check the next lower (more robust modulation type) is selected for that terminal (step 412). If a further check 
(step 41 4) whether the C/l ratio is greater than the minimum, it is determined that no modulation type will satisfy the 

10 condition and the terminal is designated at step 416 as a problem terminal to be handled separated (e.g., such a 
problem terminal could be denied service or allocated a separate frequency from the total available bandwidth). 
[0042] As an example of the foregoing, suppose that at step 410 the C/l is calculated to be 13. Such C/l ratio is 
permissible if the selected modulation type is QPSK Y2, which requires 9.5 dB. On the other hand, if the selected 
modulation type were 1 6 TCM 3/4, which requires 21 dB, the nearest most robust modulation type compatible with C/ 

15 1 = 13 dB would be QPSK 3/4. Thus QPSK 3/4 would be selected instead of 16 TCM 3/4. In connection with step 412, 
it should be noted that a change from one modulation type to another will not affect the C/l calculations just performed 
as all modulation types are transmitted with the same power density. 

[0043] At step 418 (see Fig. 4B) the C/l ratios at the base stations are calculated (i.e., C/l calculations are made 
from each terminal to its base). For each terminal, the desired signal C is compared to the received interference signals 
20 | from other terminals. Note here that within each sector only one terminal will work on a specific frequency. Thus one 
link at the base station will only be interfered by a maximum of one terminal in each sector. With normal cell plans it is 
not likely that more than two terminals will contribute significantly to the interference. Thus it will be sufficient as a worst 
case to add a 3 dB margin to the interference level from the worst terminal. 

[0044] At step 420 a check is made at the base station whether the received interference power density is below this 
25 maximum for each terminal. If not, at step 422 the terminal is allocated the next more robust modulation type, which 
will mean that the terminal will decrease its transmit power density. After a further check for such terminal at step 424, 
any terminal that can not be made to satisfy the condition on maximum interference power is marked as a problem 
terminal (step 426) and is treated separately as described above. 

[0045] The present invention does not lead to a large number of calculations. By observing that (1) the received 
30 desired signal Cfrom each terminal is constant for a specific modulation type (see step 402), and (2) that the difference 
in received signal level for the various modulation types correspond to the difference in required ratio C/l, it can be 
derived that the maximum allowed interference level is constant for all modulation types. 

[0046] In connection with even numbered steps 41 8 through 426, it is to be noted that the wanted signal at a base 
station is always received with the same level for each specific modulation type. For a 1 6 TCM 3/4 modulated link, 

35 however, the received level is 1 1 .5 dB higher than for a QPSK 14 modulated link. As the allowed carrier to interference 
ratio C/l forthe 16 TCM 3/4 link is 11 .5 dB higherthan forthe QPSK link, it can be concluded that the maximum allowed 
interference level is the same for all modulation types. Thus, in order to check the C/l for the uplink from the terminals 
to the base stations, it is sufficient to calculate the received interference signal at the base station. For example, if the 
nominal wanted signal C at the base is -140 dBm/Hz for a QPSK 14 link, the maximum interference signal level would 

40 be -140-9.5 = - 149.5 dBm/Hz for all modulation types. Thus, if the calculated interference signal level from terminal 
T2 were -145 dBm/Hz, it would have to be reduced. It the modulation type for terminal T2 were e.g.. 16 TCM 3/4, the 
interference level could be reduced by selecting a more robust modulation type, which would have a lower power 
density at the same range. To be not higher that the maximum -149.5 dBm/Hz the interference signal level must be 
reduced by 4.5 dB. This could be done by selecting the modulation 8 TCM 2/3, which would reduce the interference 

45 level by 6.5 dB (decoupling by modulation type). If it would not be possibleto find a more robust modulation that reduces 
the interference level enough, the terminal would be marked as a problem terminal (step 426) and could, e.g., be 
allocated a special frequency band, not used in the interfering sector (decoupling by frequency). 
[0047] A special problem for the uplink (terminal to base) is that terminals from different sectors may add interference 
signals and it is difficult to know which terminals contribute (work on the same frequencies). This is typical for the DBA 

50 mode. However, it is not likely that more than two terminals will contribute simultaneously. Thus by using a 3 dB margin 
in the maximum allowed interference level the problem will be taken into account. Moreover, instead of using the figure 
-149.5 dBm/Hz as the maximum allowed interference signal level, the figure -152.5 dBm/Hz should be used. 
[0048] Upon completion of either steps 420 or 424, the bitrate and modulation type for each terminal is be clear. 
Then, at step 428, when in the FBA mode, a specific frequency and bandwidth is allocated to each link, allowing for 

55 appropriate guardbands between the links. The links should basically be packed from narrow to broader channels. It 
should be understood that step 428 is executed only for the FBA mode. For the DBA mode the allocation of bitrate, 
modulation type and bandwidth is done momentarily by the control unit 70 in the sector. 

[0049] At step 430 it is determined whether a new terminal is to be added to the system. When adding a new terminal 
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to the system, steps 432, 434, and 436 are executed. These steps are similar to operations discussed above, in that 
for the new terminal: (1) a modulation type is determined with regard to range [step 432] ; (2) the C/l is checked from 
all base station sectors and the modulation type adjusted if necessary [step 434], and, (3) the interference level is 
checked in each base station sector from the new terminal and the modulation type is adjusted if necessary to comply 
5 with the maximum allowed interference density at the base [step 436]. Network planning processor 21 0 can continue 
to operate in a loop awaiting additions of other terminals as shown in Fig. 4B. 

[0050] The above-described operations and calculations of Fig. 4A and Fig. 4B are performed by Network planning 
processor 110 and the results thereof passed to control units 70 of the various base stations. In the DBA mode, for 
each terminal the highest possible modulation type is specified. It is then up to the control units 70 to decide the actual 
10 modulation, bandwidth and frequency to use. The suggested highest possible modulation types are preferably inputted 
to control units 70 via the network management system 102. 

[0051] Thus, the invention concerns a point to multipoint radio access system, comprising a number of sectorized 
base station sites and a number of subscriberterminals located within the coverage area of the base station sites. The 
radio links between subscriber terminals and base stations all work within the same frequency band. From sector to 

15 sector the base station antennas alternate between vertical and horizontal polarization in a systematic way to minimize 
the potential interference areas. In accordance with the invention, the links connecting a base station site to the sub- 
scriber terminals can be allocated differing capacities and differing modulation schemes selected from a number of 
choices. Of the modulation schemes, the most robust scheme corresponds to the widest bandwidth needed for a 
specific bitrate and also to the largest range possible. The least robust modulation scheme corresponds to the most 

20 narrow bandwidth needed for a specific bitrate and also the minimum possible range. 
[0052] Characteristics of the system and method thus include the following: 

(1 ) the base stations transmit with constant power density for all specific modulation types. 

25 (2) the terminals transmit with constant power density for all bitrates and for all modulation types measured at the 

range limit of the respective modulation type and decrease the power density with decreasing range to the base 
station so that the power density received at the base station is constant for all distances for a specific modulation 
type; 

30 (3) at a given range the transmitted power density from a terminal will differ for different modulation types corre- 

sponding to the differences in C/(N+I); and 

(4) the individual links to the terminals are designated a modulation type that is consistent with its range to the 
base station, the C/(N+I) from the various base stations and a maximum allowed interference level received at the 
35 base stations which is consistent with the required C/(N+I) and which occupies the least bandwidth. 

[0053] Thus, the present invention advantageously provides a simple method to allocate modulation type, power 
strategy and bandwidth to each radio link in a point to multipoint system including the feature of allowing for various 
modulation types, considering the required coverage range, the minimum bandwidth requirement and the foreseen 
40 interference situation. The operation and allocation of the present invention is without undue consideration of other 
links, which could easily lead into countless iterations back and force before a satisfactory solution is achieved. The 
present invention also facilitates a system with dynamic channel allocation. 

[0054] While the invention has been particularly shown and described with reference to the preferred embodiments 
thereof, it will be understood, for example, that the polarization scheme for the antennas need not necessarily system- 
45 atically alternate by sector between vertical and horizontal polarization. Moreover, the radio links can operate in more 
than one frequency band, e.g., two frequency bands. 

Claims 

50 

1 . A method of allocating radio link characteristics in a point to multipoint radio access system, the point to multipoint 
radio access system comprising a number of base stations including a selected base station connected by a 
plurality of radio links to a corresponding plurality of subscriber terminals located within respective coverage areas 
of the selected base station, at least some of the plurality of radio links being within a same frequency band, 
55 characterized in that the method comprising: 

for the selected base station (40, B1 , B2), selecting a base station transmit power density which, for each of 
a plurality of modulation types, is constant for all bitrates (400); 
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for each of the plurality of subscriber terminals (T1 , T2) located within the coverage area of the selected base 
station, selecting a terminal transmit power density which, for each of the plurality of modulation types, is 
constant for all bitrates (402); 

5 determining a maximum range for each of the plurality of modulation types (404); 

for each of the plurality of subscriber terminals, allocating a modulation type to the corresponding radio link 
dependent upon range from the selected base station (406); 

10 determining, for each of the plurality of subscriber terminals (T1 , T2), whether at the subscriber terminal there 

is an acceptable signal quality and, if not, allocating a next lower order modulation type to the radio link cor- 
responding to the subscriber terminal which does not have the acceptable signal quality (408, 410, 412); and 

determining at the selected base station (40, B1 , B2) whether there is an acceptable signal quality with respect 
15 to each of the plurality of subscriber terminals and, if not, allocating a next lower order modulation type to the 

radio link corresponding to the subscriber terminal with respect to which there is not the acceptable signal 
quality (418, 420, 422). 

2. The method of claim 1 , further comprising allocating frequencies within the same frequency band and bandwidth 
20 to each of the plurality of radio links. 

3. The method of claim 1 , wherein the acceptable signal quality is indicated by a signal to noise and interference 
ratio [C/(N+I)]. 

25 4. The method of claim 1 , wherein for all modulation types there is constant power density for all bitrates measured 
at range limits of the respective modulation types, wherein the power density decreases with decreasing range to 
the selected base station (40 , B1 , B2) whereby the power density received at the selected base station is constant 
for all distances for a specific modulation type, at a given range the transmitted power density from the selected 
subscriber terminal (T1 , T2) differing for different modulation types in accordance with corresponding differences 

30 in the signal quality. 

5. The method of claim 1 , wherein a most robust modulation type corresponds to a widest bandwidth needed for a 
specific bitrate and also to a largest range possible, and a least robust modulation type corresponds to a most 
narrow bandwidth needed for a specific bitrate and also a minimum possible range. 

35 

6. The method of claim 1 , wherein the base stations are provided with antennas, which systematically alternate by 
sector between vertical (V) and horizontal (H) polarization to minimize potential interference. 



40 Patentanspruche 

1. Verfahren zur Zuweisung von FunkverbindungseigenschaRten in einem Punkt-zu-Mehrpunkt-Funkzugangssy- 
stem, wobei das Punkt-zu-Mehrpunkt-Funkzugangssystem eine Anzahl von Basisstationen, einschlieGlich einer 
gewahlten Basisstation, umfaftt diedurch eine Vielzahl von Funkverbindungen mit einer entsprechenden Vielzahl 
45 von Teilnehmerendgeraten verbunden sind, die sich in jeweiligen Versorgungsbereichen der gewahlten Basissta- 

tion befinden, wobei zumindest einige aus der Vielzahl von Funkverbindungen in einem gleichen Frequenzband 
sind, dadurch gekennzeichnet, daB das Verfahren umfaGt: 

fur die gewahlte Basisstation (40, B1 . B2), Wahlen einer Basisstations-Sendeleistungsdichte, die fur jeden 
50 aus einer Vielzahl von Modulationstypen bei alien Bitraten (400) konstant ist; 

fur jedes aus der Vielzahl von Teilnehmerendgeraten (T1 , T2), die sich im Versorgungsbereich der gewahlten 
Basisstation befinden, Wahlen einer Endgerat-Sendeleistungsdichte, die fur jeden aus der Vielzahl von Mo- 
dulationstypen bei alien Bitraten (402) konstant ist; 

Bestimmen einer maximalen Reichweite fur jeden aus der Vielzahl von Modulationstypen (404); 
55 fur jedes aus der Vielzahl von Teilnehmerendgeraten, Zuweisen eines Modulationstyps der entsprechenden 

Funkverbindung in Abhangigkeit von der Reichweite der gewahlten Basisstation (406); 
Bestimmen fur jedes aus der Vielzahl von Teilnehmerendgeraten (T1 , T2), ob am Teilnehmerendgerat eine 
annehmbare Signalqualitat vorhanden ist, und wenn nicht, Zuweisen eines Modulationstyps der nachstnied- 
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rigeren Ordnung an die Funkverbindung entsprechend dem Teilnehmerendgerat, das keine annehmbare Si- 
gnalqualitat hat (408, 41 0, 412); und 

Bestimmen an der gewahlten Basisstation (40, B1, B2), ob eine annehmbare Signalqualitat vorhanden ist in 
bezugauf jedesaus derVielzahl vonTeilnehmerendgeraten ; undwenn nicht Zuweisen eines Modulationstyps 
5 der nachstniedrigeren Ordnung an die Funkverbindung entsprechend dem Teilnehmerendgerat, bei dem die 

annehmbare Signalqualitat nicht vorhanden ist (418, 420, 422). 



10 



Verfahren nach Anspruch 1 , ferner mit dem folgenden Schritt: Zuweisen von Frequenzen im gleichen Frequenz- 
band und in der gleichen Frequenzbandbreite an jede aus der Vielzahl von Funkverbindungen. 

Verfahren nach Anspruch 1 , wobei die annehmbare Signalqualitat durch ein Signal-Rausch und Stor-Verhaltnis 
[C/(N + I)] angegeben wird. 



4. Verfahren nach Anspruch 1, wobei fur alle Modulationstypen eine konstante Leistungsdichte bei alien Bitraten 
15 vorhanden ist, die in den Reichweitegrenzen der jeweiligen Modulationstypen gemessen werden, wobei die Lei- 
stungsdichte mit abnehmender Reichweite bis zur gewahlten Basisstation (40, B1 , B2) abnimmt, wobei die Lei- 
stungsdichte, die an der gewahlten Basisstation empfangen wird, fur alle Entfernungen fur einen spezifischen 
Modulationstyp konstant ist, wobei bei einer gegebenen Reichweite die Sendeleistungsdichte vom gewahlten Teil- 
nehmerendgerat (T1 , T2) fur verschiedene Modulationstypen gemaft entsprechenden Unterschieden der Signal- 

20 qualitat unterschiedlich ist. 

5. Verfahren nach Anspruch 1, wobei ein robustester Modulationstyp einer fur eine spezifische Bitrate benotigten 
breitesten Bandbreite und auch einer moglichst groGten Reichweite entspricht, und ein am wenigsten robuster 
Modulationstyp einer fur eine spezifische Bitrate benotigten schmalsten Bandbreite und auch einer moglichst ge- 

25 ringen Reichweite entspricht. 

6. Verfahren nach Anspruch 1, wobei die Basisstationen mit Antennen versehen sind, die systematisch um einen 
Sektor zwischen einer vertikalen (V) und einer horizontalen (H) Polarisation alternieren, um die potentielle Inter- 
ferenz zu minimieren. 

30 



Revendications 



1 . Procede d'allocation de caracteristiques de liaison radio dans un systeme d'acces radio point a multipoint, le sys- 
35 teme d'acces radio point a multipoint comprenant un certain nombre de stations de base incluant une station de 

base selectionnee qui est connectee au moyen d'une pluralite de liaisons radio a une pluralite correspondante de 
terminaux d'abonnes qui sont localises a I'interieur de zones de couverture respectives de la station de base 
selectionnee, au moins certaines de la pluralite de liaisons radio etant a I'interieur d'une meme bande de frequen- 
ces, caracterise en ce que le procede comprend: 

40 

pour la station de base selectionnee (40, B1 . B2), la selection d'une densite de puissance d'emission de station 
de base qui : pour chacun d'une pluralite de types de modulation, est constante pour tous les debits de bits 
(400); 

pour chacun de la pluralite de terminaux d'abonnes (T1, T2) qui sont localises a I'interieur de la zone de 
45 couverture de la station de base selectionnee, la selection d'une densite de puissance d'emission de terminal 

qui, pour chacun de la pluralite de types de modulation, est constante pour tous les debits de bits (402); 

la determination d'une plage maximum pour chacun de la pluralite de types de modulation (404); 

pour chacun de la pluralite de terminaux d'abonnes, I'allocation d'un type de modulation a la liaison radio 

correspondante en fonction d'une plage par rapport a la station de base selectionnee (406); 
50 la determination, pour chacun de la pluralite de terminaux d'abonnes (T1 , T2), de si oui ou non, au niveau du 

terminal d'abonne, il y a une qualite de signal acceptable et si ce n'est pas le cas, I'allocation d'un type de 

modulation d'ordre plus faible suivant a la liaison radio correspondant au terminal d'abonne qui ne dispose 

pas de la qualite de signal acceptable (408, 410, 412); et 

la determination, au niveau de la station de base selectionnee (40, B1 ; B2), de si oui ou non il y a une qualite 
55 de signal acceptable par rapport a chacun de la pluralite de terminaux d'abonnes et si ce n'est pas le cas, 

I'allocation d'un type de modulation d'ordre plus faible suivant a la liaison radio correspondant au terminal 
d'abonne en relation avec lequel il n'y a pas la qualite de signal acceptable (418, 420, 422). 
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Precede selon la revendication 1 , comprenant en outre I'allocation de frequences, a I'interieur de la meme bande 
de frequences et de la meme largeur de bande, a chacune de la pluralite de liaisons radio. 

Precede selon la revendication 1 , dans lequel la qualite de signal acceptable est indiquee au moyen d'un rapport 
signal sur bruit et interference [C/(N + I)]. 

Procede selon la revendication 1 , dans lequel, pour tous les types de modulation, il y a une densite de puissance 
constante pour tous les debits de bits mesures pour des limites de plage des types de modulation respectifs, dans 
lequel la densite de puissance diminue avec une plage decroissante sur la station de base selectionnee (40, B1 , 
B2) et ainsi, la densite de puissance qui est regue au niveau de la station de base selectionnee est constante pour 
toutes les distances pour un type de modulation specifique, et pour une plage donnee, la densite de puissance 
emise depuis le terminal d'abonne selectionne (T1 , T2) differant pour differents types de modulation conformement 
a des differences correspondantes au niveau de la qualite de signal. 

Procede selon la revendication 1 , dans lequel un type de modulation le plus robuste correspond a une largeur de 
bande la plus large necessaire pour un debit de bits specifique et egalement a une plage possible la plus grande 
et un type de modulation le moins robuste correspond a une largeur de bande la plus etroite necessaire pour un 
debit de bits specifique et egalement une plage possible minimum. 

Procede selon la revendication 1 , dans lequel les stations de base sont munies d'antennes qui sont en alternance 
de fagon systematique, au moyen d'un secteur entre les polarisations verticale (V) et horizontale (H) afin de mi- 
nimiser une interference potentielle. 
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Fig. 1 Microwave coverage network 
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Fig. 1A 
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Fig. 4 A 
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Fig. 4B 
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